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Introduction
Curvularia belongs to Pleosporaceae and is widely distributed in soil water and plants and infects humans and animals (Sivanesan 1987 , Manamgoda et al. 2011 , 2012 a, b, da Cunha et al. 2013 , Rangaswamy et al. 2013 , Verma et al. 2013 , Hyde et al. 2014 , Ariyawansa et al. 2015 , Wijayawardene et al. 2017 , 2018 . Curvularia species are mainly saprobes often found in an association with hosts and non-host living organisms in tropical regions (Manamgoda et al. 2011 , 2012a , b, 2014 , 2015 , Scott & Carter 2014 , Tan et al. 2014 , some are also opportunistic pathogens throughout the world (Manamgoda et al. 2011 , Madrid et al. 2014 . Some species are endophytes in various plant species (Tadych et al. 2012 , Gautam et al. 2013 , Jena & Tayung 2013 .
Curvularia was established by Boedijn in 1933 , with the description of C. lunata (Wakker) Boedijn (Boedijn 1933) as the type species. Taxonomic classification of helminthosporium-like fungi based on morphological characteristics is insufficient and artificial, and species identification can only be elucidated using molecular studies (Manamgoda et al. 2012a , b, 2014 , 2015 , Madrid et al. 2014 , Tan et al. 2014 , Tomaso-Peterson et al. 2016 , Marin-Felix et al. 2017a . In order to resolve phylogenetic relationships and improve the systematics of Curvularia and Bipolaris species, the nucleotide sequences of ITS (internal nuclear ribosomal transcribed spacer region), GPDH (glyceraldehyde-3-phosphate dehydrogenase) and EF1α (translation elongation factor 1-a) were used exclusively or in combination for species delimitation (Manamgoda et al. 2012a , b, 2014 , 2015 , Madrid et al. 2014 , Tan et al. 2014 , Tomaso-Peterson et al. 2016 , Marin-Felix et al. 2017a . According to the most recent phylogenetic analysis of Bipolaris-and Curvularia-like 636 taxa (Manamgoda et al. 2015 , Tomaso-Peterson et al. 2016 , Marin-Felix et al. 2017a , Curvularia was emended as a monophyletic genus to accommodate 75 currently validated and five unknown species.
In the present study, a new species of Curvularia isolated from Iran is described through polyphasic approaches. A multi-locus phylogeny (ITS, GPDH and EF1α) , combined with the morphological analysis of the asexual morph, was used to separate these unknown species from previously described species.
Materials & Methods

Isolates and typification
Two Curvularia isolates identified in this study were recovered from leaf spot of jambolan (Syzygium cumini) and healthy roots of cowpea (Vigna unguiculata) (IRAN 3131C and IRAN 3123C) . In addition, they are kept in Collection of Fungal Cultures, Department of Plant Protection, Shahid Chamran University of Ahvaz, Iran (SCUA-Ahv-Syz-P and SCUA-Ahw-Vig-1Rb) ( Table  1) .
Morphological and physiological study
The morphological characteristics of asexual morph were examined using 3-day to 14-dayold cultures grown on potato dextrose agar (PDA, Merck) at 28 °C in a 12-h fluorescent light-anddark. These characteristics (including those of the mycelia, conidiophore, and conidia) were studied using the method of Riddle and Briggs (1950) . The colour was determined as described in Methuen handbook of color (Kornerup & Wanscher 1967) . The slide cultures were prepared according to the protocol described by Beneke & Rogers (1996) . Sixty measurements for each character were made with the 40× and 100× objective lens of a Leitz wetzlar (SM-LUX) Basic Biological Light Microscope. The photomicrographs were recorded with an OLYMPUS BX51 microscope fixed with an OLYMPUS DP12 digital camera. The isolates were preliminarily identified based on morphology documented in literature review (Manamgoda et al. 2012a , b, 2014 , 2015 , Madrid et al. 2014 , Tan et al. 2014 , Tomaso-Peterson et al. 2016 , Marin-Felix et al. 2017a . The rate of mycelial growth was determined at 28 °C.
Fungal biomass preparation
Single spore cultures of each Curvularia isolates were inoculated into Erlenmeyer flasks containing potato-dextrose-broth medium. The flasks were incubated at 180 rpm for 10-15 days at 28 ºC to achieve the maximum growth of fungi. The mycelial biomass was collected and washed by passing through filter papers using sterile distilled water. The mycelia were freeze-dried (FreezeDryer, Alpha 1-2LD Plus, Christ) and powdered in the mortar containing liquid nitrogen. The mycelia powders was collected into 10 ml tubes and stored in the -20 ºC freezer until consumed.
DNA extraction and amplification
Fungal DNA was isolated from 100 mg of freeze-dried mycelia using a Phenol:chloroform based protocol as previously described by Raeder & Broda (1985) , with some modification (Ahmadpour et al. 2017) . Mycelial lysates was extracted two times by Phenol:chloroform:isoamyl alcohol, followed by extracting with chloroform:isoamyl alcohol. DNA samples were analyzed using a spectrophotometer (eppendorf BioPhotometer plus) and loading on the gel. Partial regions of nrDNA (internal transcribed spacer regions 1 & 2, 5.8S, LSU-D1/D2), GPDH and EF1α were amplified with a thermal cycler (MJ Mini TM Gradient Thermal Cycler) using primers ITS1 and NL4 (White et al. 1990 ), gpd1 and gpd2 (Berbee et al. 1999 ) and EF1983 and EF12218R, respectively (Schoch et al. 2009 
Purification and sequencing
The PCR products were size-fractionated by gel electrophoresis in 1% agarose (Hispan Agar) run in 1.0× Tris-acetic acid-EDTA (TAE) buffer stained with commercial safe stain (SinaClon, Iran) and then photographed under UV light. Amplified PCR products of the expected size were excised and purified by GF-1 AmbiClean Kit (Vivantis, Malaysia) according to the manufacturer's instructions. The purified amplicons were read in both directions using original PCR primers by Macrogen Company (Humanizing Genomics, Macrogen, South Korea). BioEdit Sequence Alignment Editor Version 7.0.9.0 (Hall 1999 ) was used to edit raw ABI chromatograms, after which the forward and reverse sequences were assembled using DNA Baser Sequence Assembler v4 programs (2013, Heracle BioSoft, www.DnaBaser.com). The generated sequences were deposited in GenBank (Table 1) .
Phylogenetic analyses
The nucleotide sequences of ITS, GPDH and EF1α regions were compared to those of reference in GenBank using maximum likelihood (ML) algorithm in MEGA version 6 (Tamura et al. 2013) . The combined datasets of ITS-GPDH (two-locus) and ITS-GPDH-EF1α (three-locus) used for phylogenetic analysis contained the sequence of the isolates under study and reference strains from previously known species of Curvularia, as well as outgroup taxon (Table 1) . These reference sequences (Table 1) were mostly from Manamgoda et al. (2015) , Madrid et al. (2014) , Tan et al. (2014) , Marin-Felix et al. (2017a, b) . The species of Bipolaris drechsleri was used as outgroup taxon to root phylogenetic trees. Single and multiple sequence alignments were generated with Clustal W in MEGA version 6 (Tamura et al. 2013 ) using these parameters: pairwise alignment (gap opening 15, gap extension 6.6) and multiple alignment (gap opening 15, gap extension 6.6, transition weight 0.5, delay divergent sequences 30%). Alignments were checked visually and edited manually where necessary. The phylograms were constructed with best-fitting nucleotide substitution model, as suggested by ML model test using MEGA version 6 (Tamura et al. 2013 ), Subtree-Pruning-Regrafting (SPR) algorithm and following options: Bootstrap (BP) analyses were done with 1000 replicates, Initial Trees for ML were made by NJ/BioNJ algorithm and Branch Swap Filter was set very strong. Two combined matrix used for phylogenetic analysis were deposited in the Treebase database (http://purl.org/phylo/treebase/phylows/study/TB2: S22797).
Results
Sequences analysis, BLASTn algorithm and phylogeny
PCR fragments of approx. 500 bp were successfully amplified for ITS region using primer pair ITS1 and ITS4 and approx. 1100 bp for EF1α were obtained using the EF1-983 and EF1-2218R primers pair. Amplicons of approx. 700 bp was successfully produced for GPDH using primers gpd1 and gpd2. The sequences of ITS, GPDH and EF1α belonging to the isolates under study were submitted to GenBank (Table 1 ). The isolates of the new described and previously known species of Curvularia shared 74% sequence identity in the ITS region (468 bp) attributed to 36 SNPs and 82 bp insertion/deletion, 60% sequence identity in the GPDH region (507 bp) attributed to 86 SNPs and 111 bp insertion/deletion, and 77% sequence identity in the EF1α region (677 bp) attributed to 125 SNPs.
In the BLASTn analysis of the ITS sequence, the closest related species to Curvularia mosaddeghii were C. hominis (HG779011) and C. muehlenbeckiae (HG779002) with 98% sequence identity. In the analysis of the GPDH, the species with the highest sequence identity to new species were Curvularia hominis (HG779106), Curvularia muehlenbeckiae (HG779108) and Curvularia pisi (KY905690) with 96%, 95% and 95% similarity, respectively. The EF1α sequences of the new species showed maximum identity to different species, including Curvularia akaiiensis, C. australiensis, C. buchloes, C. chiangmaiensis, C. hawaiiensis, C. pisi, C. sorghina, C. subpapendorfii, C. tropicalis and C. variabilis. The combined ITS-GPDH and ITS-GPDH-EF1α datasets consisted of 228 and 258 sequences from 114 and 86 taxa including the outgroup taxon, respectively (Table 1 ). The best model of evolution for phylogenetic analysis was the Tamura-Nei with Invariant Site and Gamma Distribution (TN93 + G + I). ITS-GPDH tree was constructed to show delimitation of new species to some Curvullaria species which their EF1α sequences were not available and excluded in threelocus based tree (not shown, supplemented figure) . In both two-and three-locus based trees (Fig.  1) , the isolates of Curvularia mosaddeghii formed a monophyletic clade with strong bootstrap 99% support, distinct from the other previously known species of Curvularia. Phylogenetic analyses based on ITS-GPDH and ITS-GPDH-EF1α dataset showed that the closest relatives of new species are C. hominis, C. muehlenbeckiae and C. pisi with 73% and 93% BS support, respectively ( Morphology on PDA -Hyphae sub-hyaline to brown, branched, septate, thin and smoothwalled, 3-5.25(-7) μm diam. Conidiophores arising singly, septate, generally equal wide in basal parts, tapering in median and upper parts, straight or flexuous, geniculate in apex, frequently unbranched, cells walls thicker than those of the vegetative hyphae, pale brown to brown, 30-161(-227) × (2.6-)3-5.1 μm, 95% confidence limits = 77.7-104.8 × 3.6-4 μm, ( ± SD = 91 ± 45 × 3.8 ± 0.6 μm, n = 60). Conidiogenous cells mostly integrated, smooth or with verruculose nodes, terminal or intercalary, proliferating sympodially, with circular and thickened scars, brown, cylindrical to swollen. Conidia with bipolar-germination, (1-)4-celled, smooth-walled or slightly verruculose, asymmetrically swollen and curved at the third cell from base, rarely symmetric swelling and straight, pale to dark brown, end cells paler and thin-walled than central cells, 11.1-26.3(-32) × 7.1-10(-11.1) μm, 95% confidence limits = 19.9-22.5 × 8.6-9.2 μm, ( ± SD = 21.2 ± 4.3 × 8.9 ± 1 μm, n = 60). Hilum very slightly protruding, darkened, thickened, 1.5-2.3 μm diam. Chlamydospore and sexual morph not observed.
Cultural characters on PDA -Colonies growing 55-60 mm diam after 8 d incubation at 28±0.5 °C, circular with filiform margin, dark green to greenish black, aerial mycelium sparse to moderate, floccose with age; reverse greyish green to brownish black.
Habitats -jambolan and cowpea Distribution -Iran (Ahvaz). Marin & Crous (Marin-Felix et al. 2017a) . C. mosaddeghii can be easily distinguished from three other species by the production of less wide conidia (7.1-10 μm wide vs. 7-14, 8.5-12 and 9-15.5 μm wide in C. hominis, C. muehlenbeckiae and C. pisi, respectively). The conidia in C. mosaddeghii, C. muehlenbeckiae and C. pisi differ from C. hominis in being less septate 644 (predominantly 3-distoseptate vs. 3-4-distoseptate). In addition, hila in C. mosaddeghii are narrower than the three other species. 
Discussion
In our study, a new species of curvularia is described, which are ascribed to the new species of Curvularia mosaddeghii. Multi-locus phylogenetic analysis and morphology showed that C. mosaddeghii isolates are quite distinct from the other previously described Curvularia species, such as C. hominis, C. muehlenbeckiae and C. pisi. Our phylogenetic analyzes included all the Curvularia taxa used in the studies of Manamgoda et al. (2015) , Madrid et al. (2014) , Tan et al. (2014) , Tomaso-Peterson et al. (2016) and Marin-Felix et al. (2017a, b) . In three-locus based phylogenetic tree, the combined dataset (inferred from ITS, GPDH and EF1α gene sequences) was sufficient to delimit most closely related species in genus Curvularia. Here, the GPDH sequence showed the highest degree of polymorphism among the genomic regions used.
Curvularia mosaddeghii were isolated from jambolan leaf spot and cowpea healthy root, none of its near relatives, including C. hominis, C. muehlenbeckiae and C. pisi, have yet been reported from these hosts. Curvularia hominis and C. muehlenbeckiae have been isolated from human tissues and Muehlenbeckia sp. leaf in USA, respectively (Madrid et al. 2014) . C. pisi was reported from the seeds of Pisum sativum in Canada (Marin-Felix et al. 2017a) . Curvularia mosaddeghii is known to be as endophyte within Vigna unguiculata, which is also host for three other species of Curvularia, C. eragrostidis (Henn.) J.A. Mey., C. lunata (Wakker) Boedijn and C. verruculosa Tandon & Bilgrami (Ahmad et al., 1993, Manamgoda et a., 2011, Mogle and Maske 645 2012, Abdulwehab et al. 2015) . However, these species are morphologically and phylogenetically different to C. mosaddeghii. Morphologically, these species differ from C. mosaddeghii in having wider conidia.
